undesirable for patients to wait for and be carried in lifts uWed for transporting garbage and food.
Lighting: There is no entirely satisfactory lighting system. Multiple built-in spotlights have their advocates but this is an expensive system and most operating theatres are lit by a single powerful centre light reinforced by portable units. A great deal of research has yet to be done on this subject but if the powers of eye accommodation are not to be tired unduly during a long operating list there should be no sharp contrasts. A blacked-out theatre with a small spotlight on the wound gives such a contrast and has its uses but most people prefer some daylight, which is also welcomed by the staff for psychological reasons.
The best solution would be to have a zone about 9 ft in diameter of moderately bright lighting to include the immediate surrounds of the operating table and to have available more intense spotlighting which could be focused on the actual site of operation.
Ancesthetic room, &c.: The design and planning of aneesthetic rooms varies and no set pattern has been evolved. There is need for an ancsthetic room for induction of the patient; whether it should be a single room attached to each theatre or whether it should be a pre-aneesthetic ward in which the patient is given his pre-medication and kept at rest until the induction, is a matter for for discussion.
After the operation the patient is removed into a post-anwsthetic room near to the theatre where he can recover consciousness under the eye of the ancsthetist before being returned to the ward. In addition there must be a recovery room or bay in which patients too ill to be returned to the ward can remain for twenty-four or forty-eight hours under skilled supervision.
There is no unanimity of opinion as to whether these rooms should be combined or kept separate. Some think that the recovery unit could be combined with an intensive care unit; I think they can be situated close to each other but there should be no question of the intensive care unit, which might contain patients with respiratory and other diseases due to dangerous organisms, being within the theatre precincts. In a small hospital, the recovery ward might serve as a night admission unit so long as the principle of one-way flow is observed. The whole problem of recovery rooms and intensive care units has still to be decided, particularly in relation to the amount of work they will be required to do and the amount that they take away from the general wards.
Miscellaneous: Many additional services have to be considered as part of the working of a theatre suite. Mobile radiological equipment, with appropriate wiring, should be an integral part of the theatre equipment. Built-in radiological units would be a special and individual requirement. Monitoring equipment could with advantage be placed outside the theatre and wired to the necessary points, with communication by telephone. The needs of pathologists for frozen sections and immediate preparation of specimens have also to be included. Finally comes the problem of visitors; clearly the less movement there is the better but a roof gallery does not satisfy all needs nor does closed circuit television. Where a considerable amount of teaching has to be done, it should ideally be carried out in as large a theatre as possible, with as many indirect aids to vision, in the form of mirrors and periscopes, as possible.
The details in any scheme will be determined by individual needs and preferences and by special considerations but I hope that, because theatres and their furnishing are expensive, they will not be the objects of false economy. Many hospitals have long waiting lists for surgery, dictated not by shortage of beds but by shortage of operating theatre time. The theatres of the future should be able to present a steadier and less flurried tempo, in an atmosphere which enhances the safety of the patient to a greater degree than it usually does at the present time.
Mr W N B George ARIBAl (London)
The practice of surgery and the organization of surgical departments is constantly developing and the architectural brief, in its turn, is influenced not only by these changes but also by developments in planning and engineering techniques which primarily affect the physical environment.
The basic requirements of an operating theatre suite, however, have not changed a great deal and, reduced to their simplest terms, they consist of: (1) The provision of a sterile environment for surgery. (2) The arrangement of rooms and equipment so as to enable the personnel using the suite to carry out their work efficiently.
(3) The provision of proper standards of heating, lighting, ventilation and humidity to give suitable conditions for the operating team and enable 'Partner in the firm of George, Trew & Dunn, Chartered Architects them to concentrate fully on the performance of the operation however long this might take.
Many ways of achieving these ends have been demonstrated by eminent surgeons, architects and engineers, varying from the exceedingly complex to the extremely simple. Perhaps Jean Walter (1945), in France, and Isadore Rosenfield (1951) , in the United States, represent the extremes but we must look somewhere between the two for a practical solution to our normal needs for general surgery.
The first thing is to ensure that the suite is correctly located, with easy access to the wards and, if possible, also to the X-ray and pathology departments. At the same time it must be planned in a cul-de-sac, isolated from the general traffic and bustle of the hospital, so as to avoid noise and minimize the risk of airborne infection. Before reliable and efficient systems of artificial lighting and mechanical ventilation were available, surgical suites were often located on the top floor of a hospital, on the north side, where good natural lighting, without direct sunlight, could be secured and where natural or mechanically assisted ventilation would be less contaminated. Today, however, thanks to the immense advances which have taken place in building and engineering techniques, we are not so inhibited in our planning but we must be careful to ensure that this freedom is not sacrificed to purely architectural considerations, such as the incorporation of the suite in a multi-storey building containing other departments. Generally speaking, a compact and economical lay-out of an operating suite results in a wide building and this, coupled with the fact that the many complicated engineering requirements frequently need space above and below the unit, often determines that the suite must be in a separate block. The functional requirements alone should dictate the shape and size of the suite and these may be quite incompatible with the dimensions of another department planned above or below and unless there is some overriding factor, such as a restricted site, it will be better to plan the operating suite in a block or wing of its own, or at any rate associated with a department where shape or size are not critical. It is true that the trend towards planning other departments in depth, with an artificially lit and mechanically ventilated central core, sometimes makes it possible to achieve the latter but this should never be forced so far that some compromise is required in the planning of either, The next consideration is the relationship of the operating rooms to the wards. The journey between the wards and the surgical suite should be as short as possible and should be separated from other hospital traffic but, except in special cases such as ophthalmology and neurosurgery, is it necessary to link individual operating theatres directly to the specialties that they serve? There are many arguments to support this theory but it must lead to some loss of flexibility in the use of the available theatres, and to higher costs in the provision of ancillary facilities as well as operating and maintenance cost than with theatres grouped in a single department.
The pattern of intensive care may also determine the siting and arrangement of the operating theatre suite. One pattern is to arrange some 6-8 % of the beds in separate intensive care wards and so to dilute the nursing load on the general wards. This might well demand that the operating theatres and the intensive care wards should be directly linked, with less emphasis on the close relationship of operating theatres with general wards. If it is necessary for patients to travel along vertical as well as horizontal lines of communication, it is essential that the lift service should be well organized and the lift cars themselves properly designed to accommodate patients in bed, their attendants and, if necessary, special equipment as well. They should travel at the right speed, be properly ventilated, have indirect lighting, and have simple controls.
Having reached the operating suite, access must be controlled and proper routes planned for the different users of the department, so that unnecessary movement and mutual hindrance may be avoided and so that the patients and staff are obliged to undergo a complete change before reaching the central corridor to avoid contamination. This will require the provision of an interchange area, between the dirty and clean sides, which will contain the transfer room, where the patient will be moved from his bed on to the theatre trolley and where the ward blankets will be exchanged for theatre blankets; changing rooms for surgeons, nurses, orderlies and domestic staff; rest rooms; theatre supervisor's office; CSSD supply room; pre-operative ward, if this is required, and possibly the recovery ward, although this might better be sited within the theatre suite proper to provide closer communication with surgeons and anwsthetists in the clean area. In order to prevent cross-contamination of the floors of the transfer area, all personnel entering from outside the suite should be obliged to put on overshoes.
The operating theatre itself must be protected from infective risk, both from ancillary accommodation and from other theatres in the suite, and to this end, it must be isolated by a series of barriers, starting at the entrance to the suite and culminating with the final entry to the theatre. The number of entry points must be restricted all along the line to obtain maximum control.
Proper routes must be provided for the supply and disposal of material and the personnel dealing with it, to avoid cross-traffic, reduce movement and avoid cross-contamination. Soiled materials should be disposed of at once to an area outside the suite and the handling and sorting undertaken by staff who do not have access to the theatre. Ideally, supply and disposal should be via underpasses instead of doors, so as to restrict turbulence to a level below the operating field; possibly the trolleys themselves should have detachable tops which might slide across a barrier and so avoid the risk of contamination of the floor of the theatre by the wheels. The whole lay-out and arrangement of equipment in the theatre should be directed towards the elimination of unnecessary movement. For instance, in order to preserve the theatre sister's relationship to supply and disposal it should be possible to arrange the patient with his head to either end of the theatre, and medical gases, suction, monitoring leads and electrical power must, therefore, be available on both aspects.
The trend towards the use of measuring equipment to control the conduct of an operation or of post-operative recovery, means that not only more equipment but also more technical staff have to be in attendance. Because much of the recording apparatus is bulky, it should be kept out of the theatre and installed in a central monitoring room with leads taken through permanent outlets in the theatre; the recordings can then be relayed back to the surgeon and anasthetist by means of a closed circuit television link. By grouping it centrally it should be possible to employ fully the expensive equipment and trained personnel without duplication or movement from one location to another. In teaching hospitals closed circuit television can also be used instead of expensive observation galleries.
Packaged materials techniques, based upon a central sterile supply department, have reduced the amount of work and time taken to prepare for each operation; the theatre sterilizing room is now simply a place where instruments are stored and sterilized, CSSD packs are stored and trolleys set up. In order to preserve the principle that the same standard of bacteriological control should be maintained for both the wound and the equipment with which it comes into contact, sterile instruments and linen should be exposed only in the theatre; the actual laying out should therefore take place in the protected theatre atmosphere and not in the sterilizing room. It has been calculated that a good plenum ventilation system will clear a theatre of aerial contamination in ten minutes and, by the proper use of a packaged system, it should be possible to complete the trolley-laying for a major procedure within a further seven to eight minutes. As the preliminary setting up of the patient will have been done in the anesthetic room, the operation can start as soon as the trolley lay-out has been completed, and although this time cycle may be slightly longer than by conventional techniques, it would seem to be well justified in the interests of both patients and staff.
The proper ventilation and the lighting of the theatre will both have a material bearing on its architectural design. For instance, to maintain an adequate air piston the theatre must be designed virtually as a closed box with as few access points as possible. Again, if a conventional lighting system is used, a good deal of heat might be generated despite the use of fluorescent tubes and ferrous oxide glass. Moreover, as the light required to illuminate a red field clearly may be twenty times as great as that required for a light field, and as some modern theatre lamps have an out-put of up to 10,000 lumens in order to illuminate a deep cavity, the question of contrast becomes important and the background illumination may require to be of the order of 50 to 100 lumens.
The adoption of a particular lighting system may, in turn, affect the physical properties of the room, as for example, the egg-shaped or domed theatre dictated by some systems of lighting, where the acoustics of the room may be considerably compromised.
Numerous decisions must be taken in the organization and detailed planning of the theatre suite. Some of the more important things that the architect will wish to know, in order to make the proper provision in his building are:
(1) Is trolley lay-out and gowning to be undertaken in the operating theatre rather than in the sterilizing room and scrub-up room? This will affect the dimensions of the rooms and the placing of cupboards and shelves.
(2) Will there be terminal ifiters in the ventilation ducting or will the ventilation plant be run permanently at slow speed between operating sessions in order to avoid the risk of bacteriological contamination from back-flow when the theatre is not in use? This will determine the system of background heating to be provided.
(3) Will the operating tables be mobile, static or fixed? If, for instance, the new Swedish hydraulically operated table is to be installed a good deal of structural provision must be made in the building for running services. If static tables are used, a lighter form of floor finish can be provided than if the tables are to be mobile.
(4) Will the medical gases, suction, monitoring leads and electric power be carried in pendants, pedestals, wall outlets, or swinging booms?
(5) Are there to be windows and blackout blinds in the theatre or should these be omitted altogether? (6) How will the floors be cleaned? By dry suction or wet pick-up? If floor gulleys are required in any case, they should be of the self-flushing type. (7) Where are the clocks, viewing boxes, swab racks, chalk boards and sand-bag shelves to be positioned? (8) What system of emergency call and intercommunication is to be provided? (9) What are the optimum shape and dimensions of the theatre? (10) Is a package system from a central sterile supply department to be exploited? (11) How is sterile water to be distributed and in what quantities?
Apart from these considerations the architect must make provision for emergency supplies of power and lighting; anti-static horizontal surfaces for floors and shelves below 5 ft; -sparkless switches ifthese are required below the same level; automatic doors at the patient's entry and exit points in the theatre suite. He must also consider suitable wall surfaces, acoustics and colour. He must ask questions until he is satisfied that he is fully briefed as to the function and organization of the operating theatre suite and its staff. Mr R S Murley (Royal Northern Hospital, London) I am charged mainly with the task of discussing overall problems of sterility and the achievement of climatic comfort in the theatre suite but I must, first, endorse all that Sir Thomas has said about the need for a relative abundance of theatres. Operating schedules may have to conform to the availability of staff: they should never need to be limited by lack of available theatres. Moreover, a crowded and hurried theatre schedule must tend to promote the spread of infection, especially when there is too little time for cleaning and maintenance.
Septic theatres: It has recently become fashionable to decry the need for a septic theatre which many regard as an anachronism. However, despite the impossibility of designating many planned operations as 'clean' or 'dirty', there are times when patients have to be dealt with who are carrying known dangerous pathogens: for example, cases of gas gangrene or staphylococcal sepsis. In these circumstances it is prudent to have a theatre, at one end of the main suite (possibly with independent ventilation system) orseparately in the communicable diseases block, set aside for this purpose.
Sterilizing room: It would seem sensible to provide a central instrument sterilizing room for any suite containing four or more theatres. In smaller units there may still be a case for separate sterilizing rooms. Although some surgeons disapprove of sterilizing rooms shared between two theatres, it is doubtful whether there is any valid bacteriological objection so long as the sluice arrangements are separate. Properly washed (but as yet unsterilized) instruments must constitute little or no cross-infection risk in a shared sterilized room which is well designed and properly ventilated.
Changing rooms: it has sometimes been said that one surgeon will strip to the skin to remove a sebaceous cyst whereas another merely removes his jacket to take out a rectum. If we are to avoid carrying excessive numbers of staphylococci into the theatres there is a strong case for showers and a complete change. But, while statisticians must break down their material by age and sex, the unfortunate architect has to break his changing accommodation down by rank and sex. This can compel the provision of a large number of changing rooms and their added costs may limit the money available for other parts of the suite. Therefore, we should consider the alternative of carefully designed 'walk-through' changing accommodation for each sex (Fig 1) .
Recovery ward: I am a firm advocate of the recovery ward and believe that every case should pass through it. Despite some theoretical risks in having the recovery ward communicating with the theatre area, experience shows that, with clean and dirty entrances at opposite ends of the ward, it is possible to prevent unauthorized entry to the suite whilst facilitating post-operative supervision by surgeon and anaesthetist. It is vital that recovery accommodation should be provided for peak loads and some of the glib formulh which have been applied (such as one and a half beds per theatre) are quite inadequate. In an average general suite, we have found that accommodation for 12 patients is just sufficient for two theatres and an endoscopy room at peak loads.
Intensive care units can be adjacent to recovery wards but should, normally, be staffed separately.
Pre-operation wards need wider trial and, even if they are not favoured, there is a real need for
